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1571 
A method of ?xation for use within animal and human 
bodies provides for the insertion of brushes, of cylindrical 
and conical designs, into openings wherein bristles of the 
brushes are de?ected by walls of the openings such that the 
brushes are locked in place and resist forces applied thereto. 
An embodiment of the invention includes boring a hole into 
a cancellous bone structure and inserting a brush into the 
hole. The hole is of a smaller diameter than the brush and is 
locked in the hole by the bristles. Tissue, such as tendon, 
may then be attached to material a?ixed to an end of the 
brush. Another embodiment of the method includes insertion 
of a brush into a blood vessel such that the blood ?ow is 
either occluded or strained by the bristles of the brush. 

ABSTRACT 

39 Claims, 4 Drawing Sheets 
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BRUSH FIXATION METHOD FOR 
ATTACHMENT OF TISSUES AND 
OCCLUSION OF BLOOD VESSELS 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for the attach 
ment of tissues,. and more particularly, to a method wherein 
a cylindrical brush structure is inserted into a hole bored in 
bone and tissue, such as tendon, is attached to an exposed 
end of the brush structure. Additionally, the method provides 
for the occluding of blood vessels by means of the insertion 
of appropriate brush devices. 

During surgery it is necessary to attach, or ?xate, tissues 
to one another where the tissues are of both similar and 
dissimilar types. Conventional methods include suturing and 
stapling soft tissues together. These methods however are 
not suitable for attachment of soft tissues to bone. Due to its 
rigid composition, suturing is not possible and staples pull 
free as they are worked loose by repetitive application of 
stresses. 

Special screws and other ?xation devices for making 
attachments to bone have been devised. However, these 
devices are not easily adapted to the reattachment of tendons 
which are torn from their points of insertion in the bone, for 
instance, where small tendons in the ?ngers are to be 
reattached to phalanges. Fixation devices for the attachment 
of tendons in bone should be fabricated of a material that is 
absorbable in the body. Stress points from resulting from 
non-absorbable ?xation devices, such as screws, bring about 
bone reabsorption and local necrosis. Such occurrences 
eventually lead to failure of a repair effected using non 
absorbable ?xation devices. Therefore, such devices must be 
removed by a surgeon at a later date. Thus, a need exists for 
a ?xation method permitting absorbable materials to be used 
in affixing tissues to bone. 

Vascular surgery presents a need for an occlusive device 
which may be inserted into an open blood vessel. For 
instance, back bleeding from small blood vessels arising 
from an aorta can be exceedingly troublesome during sur 
gery for an aortic aneurysm. Conventional methods of 
clamping the vessels are inconvenient or impracticable in 
certain situations. Therefore, a need exists for a device 
which can be inserted inside a blood vessel to plug it. 
Similarly, vascular surgery requires devices that can be 
inserted into a blood vessel to prevent blood clots from 
passing therethrough. For example, devices are presently 
used to prevent large blood clots from passing through avena 
cava vein and causing pulmonary emboli. The devices 
presently employed are prone to dislodging and passing 
through a dilated vena cava vein. Therefore, there is a need 
for improved ?xation methods used in vascular surgery. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide a 
method of ?xation within animal and human bodies which 
overcomes the drawbacks of the prior art. 

It is a further object of the invention to provide a method 
of ?xating tissue to bone with minimal effort. 

It is a still further object of the invention to provide a 
method of ?xation for the ?xating of tissues to bone wherein 
pressure points upon the bone are minimized. 

Another object of the present invention is to provide a 
method of ?xation wherein a ?xation device is completely 
biodegradable thus eliminating a need for later removal. 
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2 
Yet another object of the present invention is to provide a 

method for the occlusion of a blood vessel wherein the risk 
of embolization of an occlusion device is minimized. 

Still another object of the present invention is to provide 
a method for the occlusion of a blood vessel by means of 
insertion of an occluding device into the blood vessel 
wherein the occluding device is retained in place by 
de?ected bristles. 
A particular object of the present invention is to provide 

a method using an occluding device for occluding blood 
vessel which is adaptable to blood vessels of varying sizes. 

Another particular object of the present invention is to 
provide a method for straining a ?ow of blood within a blood 
vessel so as to prevent the passage of blood clots. 

Brie?y stated, there is provided a method of ?xation for 
use within animal and human bodies which provides for the 
insertion of brushes, of cylindrical and conical designs, into 
openings wherein bristles of the brushes are de?ected by 
walls of the openings such that the brushes are locked in 
place and resist forces applied thereto. An embodiment of 
the invention includes boring a hole into a cancellous bone 
structure and inserting a brush into the hole. The hole is of 
a smaller diameter than the brush and is locked in the hole 
by the bristles. Tissue, such as tendon, may then be attached 
to material a?ixed to an end of the brush‘ Another embodi 
ment of the method includes insertion of a brush into a blood 
vessel such that the blood ?ow is either occluded or strained 
by the bristles of the brush. 

Features of the present invention include a method of 
?xation for use within a body of an animal, including a 
human, comprising: the body having a hole; and inserting a 
brush having bristles into the hole of the body such that the 
bristles de?ect and lock the brush in the hole. 

Particular features of the present invention include the 
brush having an attachment means including: a cloth strip 
for af?xing tissue thereto; a loop for a?ixing the tissue; wires 
extending from a stem of the brush for a?ixing the tissue to 
the brush by sewing the extended wires through the tissue; 
additionally the stern optionally has a sharpened cutting end 
for boring into bone. 

Another feature of the present invention includes a 
method of ?xating tissue to a bone within a body of an 
animal, including a human, comprising: boring a hole in the 
bone; inserting a brush having bristles into the hole such that 
the bristles de?ect and lock the brush in the hole; the brush 
having an the attachment means including a cloth strip; and 
a?ixing the tissue to the cloth strip. 

Yet another feature of the present invention includes a 
method of interrupting a ?ow of blood in blood vessels in an 
animal, including a human, comprising: transecting a blood 
vessel; inserting a brush having bristles into the blood vessel 
such that the bristles de?ect and lock the brush in the blood 
vessel; and the bristles being space apart such that the blood 
?ow is one of substantially stopped by accumulation of clots 
upon the bristles. and strained for clots by the bristles. 
Optionally, the method includes further features wherein the 
brush is contained in a retaining tube with a ?rst set of the 
bristles being de?ected in a ?rst direction and a second set 
of the bristles being de?ected in a second direction opposing 
the ?rst direction; inserting the brush includes inserting 
retaining tube, with the brush therein, into the blood vessel 
such that the brush is position at a desired point in the blood 
vessel; and withdrawing the retaining tube while keeping the 
brush at the desired position by applying force to the brush. 

Still another feature of the present invention is an appa 
ratus for insertion into a blood vessel for the purpose of 
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interrupting a ?ow of blood therein comprising: a brush 
having a substantially cylindrical shape; the brush being 
contained in a retaining tube such that a ?rst set of bristles 
is de?ected in a ?rst direction and a second set of bristles is 
deflected in a second direction opposing the ?rst direction; 
and bristles of the ?rst and second sets of bristles being 
space apart such that the blood ?ow is one of substantially 
stopped by accumulation of clots upon the bristles and 
strained for clots by the bristles. 
These and other objects, features and advantages of the 

present invention will become apparent from the following 
description read in conjunction with the accompanying 
drawings, in which like reference numerals designate the 
same elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section view of a ?xation device ?xated 
within cancellous bone according to the present invention. 

FIG. 2a is a plan view of a ?xation device of the present 
invention having a loop. 

FIG. 2b is a plan view of the ?xation device of FIG. 1 
having a cloth strip attachment means. 

FIG. 2c is a plan view of a ?xation device of the present 
invention having extended wires with sharpened ends as an 
attachment means. 

FIG. 3a is a side plan view of a ?xation device of the 
present invention which is formed of plastic. 

FIG. 3b is an end view of the ?xation device of FIG. 3a 
showing a star shaped bristle con?guration. 

FIG. 4 is a cross section view of the ?xation device of 
FIG. 2a inserted into a blood vessel according to another 
embodiment of the present invention. 

FIG. 5 is a side plan view of a tapered ?xation device of 
another embodiment of the present invention. 

FIG. 6a is a cross section view of another ?xation device, 
inserted in a blood vessel, having bidirectionally de?ected 
bristles according to yet another embodiment of the present 
invention. 

FIG. 6b is a cross section view of the ?xation device of 
FIG. 6a in a retaining tube according to the present inven 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a method of ?xation include inserting 
a ?xation device 10, comprising a cylindrical brush, into a 
hole bored into a cancellous bone portion 12 of a bone 13. 
Bristles 14 of the ?xation device 10 are de?ected by the 
cancellous bone 12 during insertion of the ?xation device 10 
into the hole. A diameter of the hole is chosen such that the 
bristles 14 are bent through an angle of 30° to 60°. An 
attachment loop 15 has a cloth strip 16 ai?xed thereto. A 
tendon (not shown) is sutured to the cloth strip 16 and thus 
held in contact with and ?xated to the bone 13. 

Alternatively, the tendon may be attached to the cloth strip 
16 prior to insertion and the ?xation device 10 may be 
inserted with the attachment loop 15 proceeding ?rst into the 
hole. In such a insertion method some bristles are obstructed 
from making contact with the cancellous bone 12 by the 
cloth strip 16. However, force exerted upon the ?xation 
device 10 is primarily in a direction opposing that of 
insertion wherein pressure is evenly distributed by the 
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4 
bristles 14 which are making contact with the cancellous 
bone 12. 

Referring again to FIG. 1, the bristles 14 exert an outward 
pressure against a rough interior hole surface of the cancel 
lous bone portion 12, and distribute stresses applied to the 
?xation device 10 via the tendon throughout the hole. The 
bristles 14 thus lock the ?xation device 10 in place and 
prevent a creation of localized areas of stress on the bone 13 
experienced when metal screws are used. Furthermore, the 
method obviates the need to screw prior art devices into a 
hole and replaces the e?’ort with one of mere insertion by 
means of pressure applied to the ?xation device 10. 

Referring-to FIGS. 2a-2b, various embodiments of the 
?xation device of the present invention are shown. In FIG. 
1a a ?xation device 20 has the bristles 14 extending out 
wardly at right angles from a stem 22. The stem 22 is 
terminated in a generally circular attachment loop 24 to 
which tissues may be directly sutured. The bristles 14 are 
?exible yet relatively sti?’, possessing a high modulus of 
elasticity which allows su?ieient pressure to be exerted by 
the bristles 14 when bent through an angle of 30° to 60° so 
that the ?xation device 20 locks into place. The tensile 
strength of a union between the ?xation device 20 and a 
bone is superior to other methods now in use when the 
?xation device 20 is inserted into a hole of the prescribed 
diameter. The numerous bristles 14 engage a large surface 
area of bone (as shown in FIG. 1) and cushion applications 
of stress by virtue of their elastomeric properties. 

In FIGS. 2a-2c, the bristles 14 and the stem 22 may be 
formed of various materials dependent upon whether ?xa 
tion devices 20, 30, 40, are desired to be biodegradable or 
non-biodegradable. For instance, the bristles 14 may be 
formed from oriented nylon which is biodegradable or from 
polyester which resists biodegradation. The stem 22 may be 
formed from such plastics or alternatively, it may be formed 
from stainless steel or titanium wire. The bristles 14 may 
also be formed of such materials where biodegradability is 
not required. Preferred embodiments of the present inven 
tion include having the stem 22 formed from twisted stain 
less steel wire and the bristles 14 formed from a polyamide 
or a polyester. 

Referring to FIG. 2b, a ?xation device 30 has a ?attened 
loop 32 through which a cloth strip 34 is a?ixed. The 
?attened loop 32 distributes stress evenly over a width of the 
cloth strip 34. A tendon (not shown) is sutured to the cloth 
strip 34 as noted above. Suturing over a surface area of the 
cloth strip 34 permits stress to be distributed over the surface 
area of the cloth strip 34 and the tendon sutured to it. The 
stem 22 optionally has a cutting point 36, similar to that used 
in Kirschner wire employed in orthopedic surgery, which is 
used to bore into a bone and obviate the need to bore a hole 
with a drill. Angular motion boring into a section of can 
cellous bone is effective in opening a hole of su?icient 
diameter for the bristles 14 to lock into. 

The cloth strip 34 is woven from ?bers of polytetra?o~ 
roethylene (Te?on), polyester (Dacron), or other non-ab 
sorbable material to which tendons are sewn. Alternatively, 
an absorbable material may be used where required by the 
application. 

Referring to FIG. 2c, a ?xation device 40 has extended 
wires 42 with sharpened ends 44. The extended wires 40 are 
inserted through tissue to be affixed and tied or twisted 
together. Excess length of the extended wires 40 is then cut 
oil". 

Referring to FIGS. 3a and 3b, another embodiment of the 
present invention includes a ?xation device 50 which is 
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formed entirely of plastic. Thus, the entire device may be 
completely absorbable, i.e. biodegradable, in the human 
body. One particularly suitable plastic is polyglycolic acid 
which is a aliphatic straight chain polyester which body 
tissues can absorb and degrade. Polylactide is another plastic 
which is biodegradable in the body. Nylon, a polyamide, can 
also be broken down by the body by anridases over a long 
period of time. 
The ?xation device 50 may be manufactured from star 

shaped plastic sections 56 fused upon a plastic stem 54. The 
star shaped plastic sections 56 have star bristles 58 separated 
by a su?icient angle such that they de?ect 30° to 60° when 
inserted in a hole. The 30° to 60° range is an optimal range 
and it is recognized the other ranges of de?ection are 
effective. The star bristles 58 optionally have concaved ends 
59 which improve retention strength when the ?xation 
device 50 is inserted in the hole. Alternatively, a molding or 
an individual bristle insertion method of manufacture is used 
when the stem 22 is composed of solid plastic. 

Referring to FIG. 4 a cylindrical brush 50 may also be 
employed as tamponading or screening devices in vascular 
surgery. While bleeding from blood vessels is generally 
arrested during surgery by means of vascular clamps, it is 
often desirable to occlude a blood vessel internally. For 
instance, during surgery for the correction of an aneurysm, 
back bleeding from lumbar arteries is troublesome. Such 
bleeding may be controlled by inserting the cylindrical brush 
50 into an opening of a transacted lumbar artery 52. The 
cylindrical brush S0 is inserted in a direction opposing a ?ow 
of blood in the lumbar artery 52 such that a pressure of blood 
?ow is opposed by a locking force of de?ected bristles 54. 
If the cylindrical brush 50 is inserted in a direction of the 
blood ?ow it will embolize. The de?ected bristles 54 act as 
a web upon which the blood clots and occludes the lumbar 
artery 52. In such an application, the de?ected bristles 54 are 
formed from a material of su?icient resiliency so as to retain 
the cylindrical brush in place against the pressure of blood 
?ow while allowing removal without damaging the lumbar 
artery 52. Additionally, the material may be chosen for its 
thrombogenic properties. 

Referring to FIG. 5, another embodiment of a device used 
in the present invention includes a conical brush 60 having 
bristles 62 which have varying lengths forming a taper. The 
conical brush 60 is equally suitable for use in tamponading 
blood vessels. The taper of the bristles 62 allows the conical 
brush 60 to be used to occlude blood vessels of varying 
diameters. The conical brush 60 is inserted a requisite 
distance into a blood vessel so that bristles 62 of a su?icient 
length engage an interior of the blood vessel and lock the 
conical brush 60 in place. 

Referring to FIGS. 6a and 6b, another embodiment of a 
device used in the method of the present invention is shown 
wherein a cylindrical brush serves as an occlusion device 70 
suitable for bidirectional use. The occlusion device 70 has a 
?rst set of de?ected bristles 72a de?ected in a ?rst direction 
and a second set of de?ected bristles 72b de?ected in a 
second direction opposing the ?rst direction. In FIG. 6a, the 
occlusion device 70 is shown inserted in a blood vessel 74. 
Bristles 72a and 72b serve to lock the bidirectional occlu 
sion device 70 in the blood vessel 74 so as to oppose ?uid 
?ow in either direction. In FIG. 6b, the occlusion device 70 
is shown packaged in a retaining tube 76. The retaining tube 
76 serves to keep the bristles, 72a and 72b, in a pre-de?ected 
position prior to insertion in the blood vessel 74. An outer 
diameter of the retaining tube 76 is smaller than an inner 
diameter of the blood vessel 74. 
The bidirectional occlusion device 70 is used in applica 

tions where a vessel is subject to ?uid ?ow in either 
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direction. In one such situation, anglographers occlude a 
splenic artery in cirrhotics with portal hypertension. The 
method of occlusion of the present invention includes the 
placement of the occlusion device 70 at a proper point in the 
vessel while still contained within the retaining tube 76. The 
retaining tube 76 may be of varying lengths to facilitate 
proper placement of the occlusion device 70. Once properly 
placed, the occlusion device is extracted from the retaining 
tube 76 by withdrawing the retaining tube 76 while the 
occlusion device 70 is maintained in position relative to the 
vessel by means of a rod (not shown) inserted within the 
retaining tube 7 6. Once the bidirectional occlusion device is 
free of the retaining tube 76, both the rod and the retaining 
tube 76 are removed from the vessel. 

In a preferred embodiment, the retaining tube 76 is 
formed of polished stainless steel. The smooth surface of the 
polished stainless steel permits sliding of the bristles, 72a 
and 72b, without the application of excessive force. Pack 
aging the occlusion device 70 in the retaining tube 76 is 
accomplished by ?rst inserting the occlusion device 70 in 
the retaining tube 74 in a ?rst direction such that the 
occlusion device 70 protrudes from an end of the retaining 
tube opposing an insertion end. The occlusion device 70 is 
then withdrawn within the retaining tube 74 resulting in the 
de?ection of the bristles, 72a and 72b, in opposing direc 
tions. 

Another embodiment of the present invention includes a 
method for straining blood ?ow in a vessel. In particular, a 
straining device, sirrrilar to the occlusion device 70, is 
inserted into a vena cava to strain out clots so as to prevent 
pulmonary emboli. In such an application, the straining 
device is constructed the same as the occlusion device 70 
except that the bristles, 72a and 72b, are less numerous 
thereby acting as a strainer instead of a plug. 

In the present disclosure various arteries and veins are 
referred to for the purpose illustrations, representing tubular 
structures and particular applications, and not as limitations. 
Additionally, those skilled in the art having the bene?t of 
this disclosure will recognize that other materials consistent 
with a desired degree of biodegradability and elasticity may 
be employed. The application of such materials is consid 
ered to be within the scope and spirit of the present inven 
tion. 
Having described preferred embodiments of the invention 

with reference to the accompanying drawings, it is to be 
understood that the invention is not limited to those precise 
embodiments, and that various changes and modi?cations 
may be effected therein by one skilled in the art without 
departing from the scope or spirit of the invention as de?ned 
in the appended claims. 
What is claimed is: 
1. A device for ?xing a tissue to a bone, comprising; 

a brush including ?rst and second ends; 
said brush further including a stem and a plurality of 

elongated bristles attached to said stem in a spaced 
apart manner over at least a portion of a length thereof, 
said plurality of elongated bristles arranged crosswise 
to said stem, an average distance between ends of 
opposed ones of said plurality of elongated bristles 
de?ning a brush diameter; 

said brush further including means for permitting resilient 
angular de?ection of at least end portions of said 
plurality of elongated bristles away from an original 
orientation thereof, such that when said brush is 
inserted into a receiving hole in the bone, the receiving 
hole having a diameter less than said brush, said at least 
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end portions of said plurality of elongated bristles are 
angularly de?ected in a direction opposite a direction of 
insertion; and 

a cloth in captive engagement with said ?rst end of said 
brush and extending therefrom, at least a portion of said 5 
cloth including a widened surface for receiving the 
tissue in overlapping engagement therewith, for joining 
of the tissue and said cloth, one to the other. 

2. A device according to claim 1, wherein said plurality of 
bristles are arranged in spiral fashion around said stem. 

3. A device according to claim 1, wherein said means for 
permitting resilient angular de?ection of at least end por 
tions of said plurality of elongated bristles includes said 
plurality of elongated bristles being formed from a resilient 
material to permit bending thereof. 

4. A device for ?xing tissue to a bone, comprising; 
a brush including ?rst and second ends; 
said brush further including a stern and a plurality of 

elongated bristles attached to said stem in a spaced 
apart manner over at least a portion of a length thereof, 
said plurality of elongated bristles arranged crosswise 
to said stem, an average distance between ends of 
opposed ones of said plurality of elongated bristles 
de?ning a brush diameter; 

said brush further including means for permitting resilient 
angular de?ection of at least end portions of said 
plurality of elongated bristles away from an original 
orientation thereof such that when said brush is inserted 
into a receiving hole in the bone, the receiving hole 
having a diameter less than said brush, said at least end 
portions of said plurality of elongated bristles are 
angularly de?ected in a direction opposite a direction of 
insertion; 

a cloth in captive engagement with said ?rst end of said 
brush and extending therefrom, at least a portion of said 
cloth including a widened surface for receiving the 
tissue in overlapping engagement therewith, for attach 
ment of the tissue thereto; and 

a cutting point carried on said brush at said second end for 
permitting formation of the receiving hole by angular 
boring motion thereof. 

5. A device for ?xing a tissue to a bone, comprising; 
a brush including ?rst and second ends; 
said brush further including a stem and a plurality of 

elongated bristles attached to said stem in a spaced 
apart manner over at least a portion of a length thereof, 
said plurality of elongated bristles arranged crosswise 
to said stem, an average distance between ends of 
opposed ones of said plurality of elongated bristles 
de?ning a brush diameter; 

said brush further including means for permitting resilient 
angular de?ection of at least end portions of said 
plurality of elongated bristles away from an original 
orientation thereof, such that when said brush is 
inserted into a receiving hole in the bone, the receiving 
hole having a diameter less than said brush, said at least 
end portions of said plurality of elongated bristles are 
angularly de?ected in a direction opposite a direction of 
insertion; 

means for attaching the tissue to said ?rst end of said 
brush; and 

a cutting point carried on said brush at said second end for 
permitting formation of the hole by angular boring 
motion thereof. 

6. A device according to claim 5, wherein said plurality of 
bristles are arranged in spiral fashion around said stem. 
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7. A device according to claim 5, wherein said means for 

permitting resilient angular de?ection of at least end por 
tions of said plurality of elongated bristles includes said 
plurality of elongated bristles being formed from a resilient 
material to permit bending thereof. 

8. A device for ?xing a tissue to a bone, comprising; 

a brush; 

said brush including a stem and a plurality of elongated 
bristles attached to said stem in a spaced apart manner 
over at least a portion of a length thereof, said plurality 
of elongated bristles arranged crosswise to said stem, 
an average distance between ends of opposed ones of 
said plurality of elongated bristles de?ning a brush 
diameter; 

said brush further including means for permitting resilient 
angular de?ection of at least end portions of said 
plurality of elongated bristles away from an original 
orientation thereof, such that when said brush is 
inserted into a receiving hole in the bone, the receiving 
hole having a diameter less than said brush, said at least 
end portions of said plurality of elongated bristles are 
angularly de?ected in a direction opposite a direction of 
insertion; 

at least a portion of said plurality of elongated bristles 
being comprised of a resilient material, said at least a 
portion of said plurality of elongated bristles further 
including concave end surfaces at free ends thereof; 
and 

means for attaching the tissue to said brush. 
9. A device, according to claim 8, wherein said brush is 

comprised entirely of a biodegradable plastic. 
10. A device for insertion into a vessel subject to bidi 

rectional ?uid ?ow for occlusion thereof, the device com 
prising: ‘ 

a tube having an external diameter smaller than an inter— 
nal diameter of the vessel; 

a brush including ?rst and second ends; 
said brush further including a stem and a plurality of 

elongated bristles attached in crosswise manner to said 
stem spaced apart over at least a portion of a length 
thereof, an average distance between ends of opposed 
ones of said plurality of elongated bristles de?ning a 
brush diameter, said brush diameter being larger than 
said internal diameter of the vessel; 

said brush further including means for permitting resilient 
angular de?ection of at least end portions of said 
plurality of elongated bristles away from an original 
orientation thereof; 

said brush being disposed within said tube with a ?rst 
portion of said plurality of elongated bristles disposed 
between said ?rst end and an intermediate position 
between said ?rst and second ends being de?ected at 
least at said end portions thereof in a ?rst direction 
towards said ?rst end; and 

a second portion of said plurality of elongated bristles 
disposed between said intermediate position and said 
second end being de?ected at least at said end portions 
thereof in a second direction towards said second end. 

11. A device according to claim 10, wherein said means 
for permitting resilient angular de?ection of at least end 
portions of said plurality of elongated bristles includes said 
plurality of elongated bristles being formed from a resilient 
material to permit bending thereof. 

12. A device according to claim 10, wherein said tube is 
comprised of polished stainless steel. 
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13. A device for ?xing a tissue to a bone, comprising; in said hole by exerting forces substantially uniformly 
a brush; against an interior surface of said hole; 

said brush including at least two wires including ?rst and Said brush ha‘fing an attachmeflt means for attaching the 
second portions, said at least two wires being laterally US$16 at 531d ?rst end of 531d brush; and 
joined over a length of said ?rst portions to de?ne at 5 connecting the tissue to said brush via said attachment 
least in part a stern, said at least two wires ?rrther means. 
including second portions, each of said second portions 16. A method, according to claim 15, comprising: 

ifpsmtilyfextgndwg lmgn a comlmogend if Sim stag said attachment means including a cloth strip; and 
sar rus urt er me u mg a p ur rty o e ongate - - - 

bristles attached to said stem in a spaced apart manner 10 af?xmg the tissue to Sald cloth Smp' 

over at least a portion of a length thereof, said plurality 
of elongated bristles arranged crosswise to said stern, 
an average distance between ends of opposed ones of 
said plurality of elongated bristles de?ning a brush 
diameter; 

said brush further including means for permitting resilient 
angular de?ection of at least end portions of said 
plurality of elongated bristles away from an original 
orientation thereof, such that when said brush is 
inserted into a receiving hole in the bone, the receiving 
hole having a diameter less than said brush, said at least 
end portions of said plurality of elongated bristles are 
angularly de?ected in a direction opposite a direction of 
insertion; and 

said second portions of said at least two wires being 
tapered at free ends thereof to present sharpened ends, 

20 

25 

17. A method, according to claim 15, comprising: 
said attachment means including a loop; and 

a?ixing said tissue to said loop. 
18. A method, according to claim 15, comprising: 
said attachment means including wires having sharpened 

ends extending from said stem of said brush; and 
a?ixing said tissue to said brush by piercing the tissue 

with said sharpened ends of said extended wires. 
19. A method, according to claim 15, comprising: 
said stem having a sharpened cutting end at said second 

end; and 
said boring being effected by inserting said sharpened 

cutting end into said bone while rotating and angularly 
moving said brush. 

20. A method, according to claim 15, comprising said 
said second portions further having su?icient rigidity to 
permit a piercing of the tissue by the sharpened ends of 
said second portions without requiring use of needles. 

14. A device for ?xing a tissue to a bone, comprising; 
a brush including ?rst and second ends; 
said brush further including a stem and a plurality of 

elongated bristles attached to said stem in a spaced 
apart manner over at least a portion of a length thereof, 
said plurality of elongated bristles arranged crosswise 35 
to said stern, an average distance between ends of 
opposed ones of said plurality of elongated bristles 
de?ning a tapered bristle portion having a brush diam 
eter which tapers in a direction from said ?rst end to 
said second end; ' 40 

said brush further including means for permitting resilient 
angular de?ection of at least end portions of said 
plurality of elongated bristles away from an original 
orientation thereof, such that when said second end of 
said brush is inserted into a receiving hole in the bone, 45 
the receiving hole having a diameter less than that of at 
least a portion of said tapered bristle portion, said at 
least end portions of said plurality of elongated bristles 
over said at least a portion of said bristle portion are 
angularly de?ected in a direction opposite a direction of 50 
insertion; and 

means for attaching the tissue to said brush carried on said 
?rst end of said brush. 

15. A method of ?xation for use within a body of an 
animal, including a human, to ?xate a tissue to a bone 5 
comprising: 

providing a brush having a stem with a ?rst and a second 
end, and bristles, disposed substantially continuously 
from said ?rst end to said second end; 

said bristles extending radially from said stem de?ning a 
brush diameter determined by a distance between ends 
of radially opposing ones of said bristles; 

boring a hole in the bone with a diameter less than said 
brush diameter;. 65 

inserting said brush into said hole such that said bristles 
de?ect an angular amount suf?cient to lock said brush 

bristles being formed of a plastic selected from a group 
comprising polyester, nylon, polytetra?uoroethylene, polyg 
lycolic acid, and polylactide. 

3O 21. A method, according to claim 15, 
said stem being formed of a plastic selected from a group 

comprising polyester, nylon, polytetra?ouroethylene, 
polyglycolic acid, and polylactide. 

22. A method, according to claim 15, comprising: 
Said stem being formed of a metal selected from a group 

comprising stainless steel, titanium, and tantalum. 
23. A method, according to claim 15, comprising said 

brush being formed entirely of a biodegradable plastic. 
24. A method of ?xing a tissue to a bone within a body of 

an animal, including a human, comprising: 
boring a hole in the bone; 
inserting a brush having bristles into said hole such that 

said bristles de?ect and lock said brush in said hole, 
said brush having an attachment means‘ including a 
cloth strip having at least in part a widened dimension; 

positioning said tissue in overlapping engagement with 
said cloth strip; and 

joining the tissue and said cloth strip, one to the other, 
across said widened dimension. 

25. A method of ?xing a tissue to a bone within a body of 
an animal, including a human, comprising: 

boring a hole in the bone; 
inserting a brush having bristles into said hole such that 

said bristles de?ect and lock said brush in said hole, 
said bristles de?ecting an angular amount su?icient to 
lock said brush in said hole by exerting forces substan 
tially uniforrrrly against an interior surface of said hole; 

said brush having an attachment means including a cloth 
strip; and 

a?ixing the tissue to said cloth strip. 
26rA method for ?xing a tissue to a bone, comprising the 

steps of: 
providing a brush, said brush including a stern and a 

plurality of elongated bristles attached to said stem in 
a spaced apart manner over at least a portion of a length 

60 
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thereof, said stern having a stem diameter de?ned by an 
average cross~sectional width thereof, said plurality of 
elongated bristles arranged crosswise to said stern, an 
average distance between ends of opposed ones of said 
plurality of elongated bristles de?ning a brush diam 
eter, said brush diameter being substantially greater 
than said stern diameter, said brush including means for 
permitting resilient angular de?ection of at least end 
portions of said plurality of elongated bristles away 
from an original orientation thereof; 

boring a hole in the bone, said hole having a diameter less 
than said brush diameter and a depth sufficient to 
receive said brush substantially therein; 

inserting said brush into said hole with said stem in 
substantial alignment with an axis of said hole, such 
that when inserted therein, said at least end portions of 
said plurality of elongated bristles are de?ected in a 
direction towards an insertion end of said hole, at a 
de?ection angle away from said original orientation; 
and 

attaching the tissue to said brush. 
27. A method, according to claim 26, wherein: 
said brush further includes a cloth strip attached thereto, 

said cloth strip having at least in part a widened 
dimension; and ~ 

said step of attaching includes a?ixing the tissue to said 
cloth strip across said widened dimension. 

28. A method, according to claim 26, wherein: 
said brush further includes wires extending therefrom said 

wires being tapered at ends thereof to present sharp 
ened ends, said wires having su?icient rigidity to 
permit a piercing of the tissue by the sharpened ends of 
said wires without requiring use of needles; and 

said step of attaching includes sewing said wires through 
the tissue. 

29. A method, according to claim 26, wherein a compo 
sition of said bristles is a plastic selected from a group 
comprising polyester, nylon, polytetra?ouroethylene, polyg 
lycolic acid, and polylactide. 

30. A method, according to claim 26, wherein a compo 
sition of said stem is a plastic selected from a group 
comprising polyester, nylon, polytetra?ouroethylene, polyg‘ 
lycolic acid, and polylactide. 

31. A method, according to claim 26, wherein a compo 
sition of said stem is a metal selected from a group com 
prising stainless steel, titanium, and tantalum. 

32. A method, according to claim 26, wherein said brush 
is comprised entirely of a biodegradable plastic. 

33. A method, according to claim 26, wherein: 
said plurality of elongated bristles are su?iciently ?exible 

to permit bending over at least a portion of lengths 
thereof such that when said brush is inserted into said 
hole, said plurality of elongated bristles are ?exed and 
are de?ected in said direction towards said insertion 
end of said hole. 

34. A method for ?xing a tissue to a bone, comprising the 
steps of: 

providing a brush, said brush including a stem and a 
plurality of elongated bristles attached to said stern in 
a spaced apart manner over at least a portion of a length 
thereof, said plurality of elongated bristles arranged 
crosswise to said stem, an average distance between 
ends of opposed ones of said plurality of elongated 
bristles de?ning a brush diameter, said brush including 
means for resiliently permitting angular de?ection of at 
least end portions of said plurality of elongated bristles 
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away from an original orientation thereof said brush 
further includes a loop carried thereon; 

boring a hole in the bone, said hole having a diameter less 
than said brush diameter and a depth su?icient to 
receive said brush substantially therein; 

inserting said brush into said hole with said stern in 
substantial alignment with an axis of said hole, such 
that when inserted therein said at least end portions of 
said bristles are de?ected in a direction towards an 
insertion end of said hole, at a de?ection angle away 
from said original orientation; and 

attaching the tissue to said brush, which includes a?ixing 
the tissue to said loop. 

35. A method for ?xing a tissue to a bone, comprising of: 

providing a bmsh, said brush including a stern and a 
plurality of elongated bristles attached to said stem in 
a spaced apart manner over at least a portion of a length 
thereof, said plurality of elongated bristles arranged 
crosswise to said stern, an average distance between 
ends of opposed ones of said plurality of elongated 
bristles de?ning a brush diameter said bmsh including 
means for resiliently permitting angular de?ection of at 
least end portions of said plurality of elongated bristles 
away from an original orientation thereof; 

boring a hole in the bone, said hole having a diameter less 
than said brush diameter and a depth su?icient to 
receive said brush substantially therein: 

inserting said brush into said hole with said stem in 
substantial alignment with an axis of said hole, such 
that when inserted therein, said at least end portions of 
said bristles are de?ected in a direction towards an 
insertion end of said hole, at a de?ection angle away 
from said original orientation, said diameter of said 
hole being sized to angularly de?ect said at least end 
portions of said plurality of elongated bristles at said 
de?ection angle in a range from about 30° to about 60° 
when said brush is inserted therein: and 

attaching the tissue to said brush. 
36. A method for ?xing a tissue to a bone, comprising the 

steps of: 
providing a bmsh, said brush including a stem and a 

plurality of elongated bristles attached to said stern in 
a spaced apart manner over at least a portion of a length 
thereof, said plurality of elongated bristles arranged 
crosswise to said stern, an average distance between 
ends of opposed ones of said plurality of elongated 
bristles de?ning a brush diameter, said brush including 
means for resiliently permitting angular de?ection of at 
least end portions of said plurality of elongated bristles 
away from an original orientation thereof, at least a 
portion of said plurality of elongated bristles including 
concave end surfaces at free ends thereof; 

boring a hole in the bone, said hole having a diameter less 
than said brush diameter and a depth sufficient to 
receive said brush substantially therein; 

inserting said brush into said hole with said stern in 
substantial alignment with an axis of said hole, such 
that when inserted therein, said at least end portions of 
said bristles are de?ected in a direction towards an 
insertion end of said hole, at a de?ection angle away 
from said original orientation; and 

attaching the tissue to said brush. 
37. A method for packaging a device for insertion into a 

vessel subject to bidirectional ?uid ?ow for occlusion 
thereof, the method comprising the steps of: 
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providing a brush including ?rst and second ends, said 
brush further including a stem and a plurality of elon 
gated bristles attached in crosswise manner to said stem 
spaced apart over at least a portion of a length thereof, 
an average distance between ends of opposed ones of 5 
said plurality of elongated bristles de?ning a brush 
diameter, said brush diameter being larger than an 
internal diameter of the vessel, said brush further 
including means for permitting resilient angular de?ec 
tion of at least end portions of said plurality of elon 
gated bristles away from an original orientation thereof; 

providing a tube having an internal diameter less than said 
brush diameter; 

inserting said brush in a ?rst direction entirely into said 
tube to de?ect said at least end portions of said plurality 
of elongated bristles in a second direction opposite said 
?rst direction; 

sliding said brush in said ?rst direction until a ?rst portion 
of said brush extends beyond said tube and a second 
portion of said brush remains within said tube, thereby 
returning the plurality of elongated bristles along said 
?rst portion to substantially said original orientation; 
and 

sliding said brush in said second direction until fully 
inserted within said tube to de?ect said at least end 
portions of said plurality of elongated bristles along 
said ?rst portion in said ?rst direction. 

38. A method according to claim 37, wherein said means 
for permitting resilient angular de?ection of at least end 
portions of said plurality of elongated bristles includes 
forming said plurality of elongated bristles from a resilient 
material to permit bending thereof. 

15 
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39. A method for ?xing a tissue to a bone, comprising the 
steps of: 

providing a brush, said brush including a stem and a 
plurality of elongated bristles attached to said stem in 
a spaced apart manner over at least a portion of a length 
thereof, said plurality of elongated bristles arranged 
crosswise to said stern and substantially perpendicular 
with said stern, an average distance between ends of 
opposed ones of said plurality of elongated bristles 
de?ning a brush diameter, said brush diameter being 
substantially greater than a thickness of said stem, said 
brush including means for permitting resilient angular 
de?ection of at least end portions of said plurality of 
elongated bristles away from an original orientation 
thereof; ' 

boring a hole in the bone, said hole having a diameter less 
than said brush diameter and a depth suf?cient to 
receive said brush substantially therein; 

inserting said brush into said hole with said stern in 
substantial alignment with an axis of said hole, said 
plurality of elongated bristles being su?iciently ?exible 
to permit bending over at least a portion of lengths 
thereof such that when said brush is inserted into said 
hole, said plurality of elongated bristles are ?exed and 
are de?ected in said direction towards said insertion 
end of said hole at a de?ection angle away from said 
original orientation; and 

attaching the tissue to said brush. 


